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^> ^£1- ^7>A]7l^ « 0 V^o] =1^ ^-8: ^§ 5L^i ^tlr-i: <2 7] ^ *V 7RV 

71 ^ tjflS.^ ^j^-J- A) 7K> ^ 7fl 5} #2}- A}-§-^ ^ 

£ 2 

[ABOJO^] 

^•7fl7l, 7fl Si 7-1^- 7RV, 7fl 51 ^ 7R> ( -g-infl&l ^ 
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{MONTGOMERY MODULAR MULTIPLIER AND METHOD THEREOF USING CARRY SAVE ADDITION} 

5=3; 

£ 4^ £t^i Elliac-i^ ^1*^ ^ ofll- Ji^^r 

£ 6^ -fi efli^Dl^ ^13^ ^ ^11- li<^^r 5L^; 
£ 7£r CSA* ^}-g-tt ^Hll- H^tt 51^; 

£ 8£- ^ ^Hefl^i (201)^1 ^ ofl; 
£ 9tt ^^elH (203)2] <a oj|; 

£ lO^r £ 9^1 £Al^ ^€ 3H*IHM- ¥<iM(171a)» ^1*1 J±<*)^r 

£ ll£ CPA* ^V-g-^]: ^2] 
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£ 15fe £ 14ofl ^ efl^c]a] ^ 

£ 16£- £ 153 s.^ ^o\\ itl-eM ^ s]s^ ^X\a\} ; 

5. 17^r ^ £fs1 fi^ei <a^>-§- ^Uj^ o_^. ^ W - oi- ^ ^ 

^; 

£ 20£- £ 17°\] S.X\& o] s]^ ^^Ji 

cflolE} Ji°M: <y-J: 3}- (cryptography) *1^<H1 ^tr 3°-3>1, 
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<23> ^ (Elliptic Curves CryptoSystem, ECC)£- 34 s 5.1-el <£^]-g- t^o.^. 

GF(p) S.^ei $ GF(2 m )^ 0^.05. ^^4. 

<25> i] R=A*B*r _1 mod N, (radix r=2 n ) 

<26> 2.1-5.1 (modular exponential algor ithmHH , A, B ^ N£r ^ 

^ S-^ei ^(modular number H^l, ^Zf£- n ylH°l^-. 

<27> £ ^ 2.^^ ^7}(1), Jfi Z)]3.V](12) ^ ^7l(2)» Ol-g-^c^ o} ^j7ufl 

5.^5^(0, M, 2M ^ 3M) # *Kf£q ^ ^^Jl, 7fl^ ^s)- 7RV7l(carry 

propagation adder, CPA) (14)°.^. #^tr^f. & 3M# ^7] ifl*(Mfe- ^7}^°] 7\*Y7}7\ jSl^ 2 " 
£U, *}:E1$]H ^7l^ ^ 7 }-<4 ^§>l- ^2fl*Vcf. ^_y 7l ( 2 )^ 2 7fl^ CPA#(14, 

ll)-§: i^-trrf. A CPA^r ¥^>7l^ ^ *1<3 ^7}*}7}jL 7)}# t^aI^i}. 

CPA(ll)^ ^i^7l(13)S^-E^ ^-^•^•(partial product valued ¥^>7l(2)^ o]# % 

n P[i]* u c v 4t 0 J4. 3\<£^r ^1^71(13)^ ^-£-#(-2A, -A, 0, A, 2A)# <$7) S]f>}^ ^ 
Q -^i £11 iS^ (Booth Recoder)(12)^ CPA(ll)^ Jf£-^ ^ P[i]# i^tb 

A. P{i+l]-8: ^7] ^*ti CPA(ll)^ CPA(14)S. <y^=}tf. =L -g-ji^el 

^ P[i+1]=ABR-1 mod 

<28> c^<m s.^e^ 2<4 ^-cf. 

<29> [^*v^i 2 ] P(x)=A(x)B(x) mod G(x) 
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<30> A(x) £ B(x)^ GF(2">)2] ^^1ji,'g(x)^ ^ m<& t±^o]t± m A(x), B(x) £ G(x)^' 

<3i> [^*v^ 3] A(x)=a n _ix n - 1 + a n - 2 x n -2 + - + aix + a 0 
<32> B(x)=b n _ix n - 1 + b n - 2 x n -2 + - + bix + b 0 
<33> G(x)=g n -ix n - 1 + g n -2X n " 2 + ••• + gi x + g 0 

<34> ojav* ^ at^i <S^>-8: ^tr ^M<4 4^ S.l:Si #^7l^ z|z]- ^£ 

5- ^€4. 5-l-ei <£^v g 5L*r « *r 5£fe ^7l7> ^^^cf 

<35> n}eH, £ ^-^^r *}:e.$H^ 3711- ^sl^l &oja*i o^AV^ £# 

^^>d^, oH 2flcj^-4 9Je^w. -g-JLifltq -g-^ «^Jl^#(Radix-4 Interleaved Montgomery 
Multiplication Algorithm)°l£r R4IMMS. ^tr^. 

<38> ^ rgxg*) ^Alofloll^ go] 3=. ^^1^ ^^ojAV^^l^ ^7fl7l ^S.^JL^ 

SEfe ^n>H7}.E.Hl ifl^sH -g--g-:g ^ 014. 
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<39> ^oj) tcf^ ^Hl^. x\o]'s. 1224W1H <>1^ €■ ^# 7]tiVo.5. S.-^S<£^> 

<40> £ m>^o) ^aI^i- ^^*>7l<Hl 3M, 3-8-3^r 2.1-el ^ R4IMM 

<4i> M £r S.l-ei^(mudulus)SAi 2Jitf €- integer)^ ^^(^l^cfl, 3, 7 -f-) 

<42> M'^ (-M*M' ) mod 4 = 1# *H£*fe 

< 43 > n^r S-t-ali HlB^joKbit length)* *1 <£3 ^°lT=r. ^ 

<44> N o. ai-ei^ ^^lH^^l (digit length)* M-e}^ &<L3>| ^^olcf. 

<45> <^7H, n-e- 2«(n = 2N) ^.S^i , n°] 8°1 N-8r 47> ^cf. 

<46> R-g- R = 2" - 2 2N ^ ^SRr °<f^l ^^r°lcf. n°l 8^e}-^ R^ 256°1 sit}. 

<47> R -io_ R o] S^^l (R*R-l) mod M = l-§- #^}^r <#£| ^^olcf. 

<48> a^, ^^(multiplicand)^ , 0 < A < M^l 2:£l^§; n>^>^ %^o]t± m 

<49> B^, ^^(multiplier)^^i , 0 < B < STi^- ^^V^ ^j^r 0 ^. 

/V-/ 

Em' 

'=° , bi e= {0, 1, 2, 3}°lt}. bi^ 2wlHol4. 
<50> ^-^ofl R4IMM ^JLSl^^r 

<51> S 0 := 0 

<52> for I := 0 to (N-l) 
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'# 

<53> qi := (((Si + biA) mod 4)*M') mod 4 

<54> Si+i := (Si + biA + qiM) / 4 

<55> endfor 

<56> if (S N > M) S N := S N - M 



^*33r %■ ^ S N = A*B*R _1 (mod M)iL5. M-B}\+cf. # § S N ^ *^^r 0 < S N < M 

o]cf. #7] <^j7Sl#oflA-l qi - . $I + blA + qiM o^ ^ 2 W]H7> "00"°1 € T T^«fl 

# tJI^'-S- q-EfcBcf. s^ol^H^ *H XI (residue number system; RNSHH ^ *r«1| 31 ^ 
MB] ^«fl» titr ^ €sfl^ ^ ^ ^^uflo] q^o]^, MMi ; 

multiple of modulus)^- c] tr t 1 ^- ^Efl^l ^r^f JEtL Si + biA + qjM^l 2HlB# 

"00" 2.5. ^ 43 i-Pf^^, 2W]H^ 4=1 ESf) 4fM£]^ 5>7j- 

°l^r R4IMM °^Jiel#l- §>Hfll<H^6.S. ^^^71 ^^H^r, Jf^-g- PP^ 

§ MM i -5- ^Sflo) *lcf. bi^- £ qi7> 2ulH°l2.3., Jf£# PP ( ^ MM^ 

47>*1 ^-f^ 7BrM-§: ^ 7>^l£^- ^ 5>i-g- ^ o] 4( a) 7 H . bj 6 

{0, 1, 2, 3HJ1 qi e {0, 1, 2, 



<59> 



biA = PPi e {0, A, 2A, 3A} 



<60> 



qiM = MMi e {0, M, 2M, 3M} M 1 
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<61> ZL&|i4,^ [<$ 1]4 £0] ppjsq. £l-E^§ MM^ -£^*}7fl 3^, & 3A^ 3M# 

ofl A iEb- M-ir- 1*1 B 3^B*r &4 ^ ^^fl°> tri=T(2A+A, 2M+M). ©1* 

s^EL^S. ^-^*>7l fl«JM^- o|e^l s.^^ 7R>7l (adder )-& ^-g^uf- £ ^ 

tr^K ZLe-ltb w o v ^^r SKel^H^ ^-wll- 3:2fls:}Jl, St!: ^ &1"(3A, 3M)^g- ^*Rr -M#(*1h] 

<62> nsl^H, I^Hb, Jf^§ ppjsq- MMi«- ^f^M 

< 63 > s. 2b »>^-^t!: ^*HH ^ S-^Bi #^7lS] ^l*} o] ^.o^ ^cf. 

<64> £ 29] JE.1-S] ^-^71 ( 1000) b S-lre^ efl^^&l (M_REG, 100 W S.^b^(A), 

sfl^l^EKA_REG, 101)^1 7-1^ ^^( A ) ; 3HiEi(B_REG, 102H ^(B), S. 

efl3cl (Modulus recoder, 110), ^-^ efl-S^ (Booth recoder, 140), S^e^ 
(multiple modulus, MMI)£] Tfl^ fb E]-& 5 JH (120) , ^f^-g- (partial product, PPI)S] t}] 

^b ^b1#bjia^(i30), H^JL af-a] ^ <3^-|- ffe ^71(170)1- i"tt!:cf. 
7l(170)b ^-^-§(PPi), ^€ S-l-^^CMMi) g B^ fl = ^l^(CW)* «y ^ -g-ZL^lE] ^g- 
^ ^^1- #^tr4. ^"^^ ^*HHH, S-^&l^ M^r °o^o] ji, n olH(M[n-l:0]H4. 

Ab <#^r i&b n+l«lS(A[n:0])<5lul, 1 j=Ljr ujE-g. 7 r *H , ^ B 

b ^ a]Stt 7 ib4. n©l ^Hr©^, Bb n+2 ulB<=l Jl, ^Jr tijBb 2 «lB©14. SEb 
n©l S-^r Bb n+lwlHolJi, -^Ji ulBb 1 t>lB©14. ^ Bb A>o]^-p>cf 2«1 
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* « 

3-^0.3. ^Ssltf. BS1 ^ 2«1H bl ^ bO^- «1 B b R (*lB b R £r a>o]^ 

^ alH bl)^ ^ 31 in? £1(140) 5. afl^tf. 
<65> £ aV^tV ^Al^ofl n}^ efl^l^Ei(ioo)^ 5L^z]^ m S.^]^ l$] M 

* ft*W7\] efl^]^Bl(201)^ 3Z)<£^ i<q iL^^Jh AJ: afl^Ka, efl 

*liEl(102)fe ^(B)« ^l^tb^-. 
<66> -g-^j 71(1000)^ SHM^l 2.^ei ^-g- #^c}. a.^^ efliScUllO) ^ 

*V^, 2.-^^ efliELcKiio)^ (170)5.-^-^1 av^-^o] tj} oj e-| # y>o>-^o]cf. m. ^-^^ 

^HHH til^^o] c-flolEi SPPi[l:0]^, ¥^71(170)^1 ^"(Si[l:0])4 7fl el (d [1:0] ) 

^ s)§HH 2 wlB, -^^•§(PP I [l:0]) ZLeli « a]-^ S a] aJs(NEG_PP)^1 e^fVcf. tJ" 
(Si[l:0])4 7fle](Ci[l:0])^ 2-«lB 7RV71 (181)^1 *\ Si[l:0]» 4^ 

A J1^ 2-«lB 7V^i7l(182)oflA-1 -^^-^(PP^liO])^ &X\ ^1Jl(NEG_PP)^ ^3 

<H SPPi[l:0]* S-f-s^ 31^(110)^ fif^ifil s)*HH y lB M[l]» «>o># 

°J^. 2-1-3 ^ eflsc-l(iio)^ SPP^^O] ^ S-^^]^ M[l]«- °l-g-*}^ £ ^-e^ MMj 

t>lH H7l^ tt^sl^l SPPi^ 2 «1B ^ ojoo] ZLofl vc\z\ ^- ^-tgo] cfs. ^. 

< 67 > jzi-e^ Eflsc-l(iiO)^ ^IJLlr* Mth*. °1 ^HHH , S-^^i ifccKllO)^- 

2M, M, 0, 
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M 7b£cfl ^j-ufi- ^Bfl^7l ^«fl ^'l-aHS. ^l3l(SEL_MM[l:0])l- 

^(120)^ £feii S.l-e^ ^ SELJM[ 1:0] )» °J ^ «1 Jl , MMj# #^*Vc}-. MMi 

¥#71(170)5. $|l= ^ls(CW)» £71 ^ tij-^i >0Jl 

(NEGLMM)fe ^7>^7l (160)^1^ Jf^-g- &X\ ^1J:(NEG_PP)^ ^^nf. M.^ $\EL *\5L 

(CW)*r ¥^>7l(170)^ ^€4. 
<68> S-l-e^ al^l 5*1 a]^(NEG_MM)^ ft^l «1H 3J<?1 *1^] ^Jf-g. M-E]-ifl7l ^ 

*fl ^>-g-^cf. 5&th til^i 5*1 *1Jl(NEG_PP)^ ^-^r#(PPi) 0 l «1H 3 

o] ^o] <^«f M-^ifl7l ^sfl A}-g-£t}. JjL«§(p Pl )0_ w+ sflscKUO), ^E)#BJj^(l30) 
^ AND 7floiH(150)ofl 2]*fl ^r«Ss)^ -f-*Hl e7]th}. JfL-g-g-CPPj)^ MMj ^ CW^ ^1 ¥# 
7l(170)S ^^^cf. £ 2 °1H 4:1 ^El#efl^s.o) s] $ o.^- e] # si| a-] °] ^-^w]^ §1^ 
six] ^o.o] ( ^71^ 5-2 ^Hell*N ^sl^l ^rf. 4:1 ^eI^a-]^ 2:1 ^Bll-^Ml- 
3 7flS. ^ oicf. 

<69> £ 3^. a. ig-^^ tiV^-^tt ^*HH S-^ 5-1^ 31 51 £-1(110)2] 3^ SL<q^JL 

SX^. 5- 3<>11 S-l-e]^ 31 5ic]( 110)5. °g^s]^ 3 7fl<5] M[1] ^ SPPi[l:0]* iL^jn. 

<?o> 3 0.5. il+o) S-f-eii MM^ 0, M, 2M ^ 3M°l£f. 3M* ^>7l ^IHtt 1M<H] 2M# c] 

*M ^-7>^<y 7>^l7l ^lS.5] ±.X}7\ *g£.f>}t±. 7>*}-7l ^/JEE^r nfl2.e] 

^H-^-lH 371 ^/£^r 741^ ^ ^2fl^>Jl ol^ Tfl^V 4-1= ^ ^ ^ofl 

■i- £ 35] 3.^ MM^ Sir-ir ^71 ^sfl ^-7>^o] 7RV7I *|]5.5] ix>^ol 

«1H «l^i ^ tile ^£E| ol-g-^Vcf. 3.1-5]^ ell^cl(llO)^ £f£]i MS] 
wlB. M[l]^l- SPPi^] s| 
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SHH 2tilB# 31^]^ Bfl^(llO)^ S-l-^i ^ ^l^(SEL_MM[l:0])» #3 

%V\. ^EHS] £f^i & MMj-fe- ¥<L>7l(250)S. #^4. ^-^o) ^^j. ^6\]M\ ^s. 

si a]B 3.71^- 3:31 sq*l 8Hr4. SPPi^ 2 «1H °)^<£ ^ Sl^ , =l*H *M ^sl cj- 

<71> tr 4^ 2.^e^ efl=LCi(H0)Sl ^ ofll- tic^^ji olcf. £ 4ofl S.X\Q ofloJMfe, 

£f2]i efl^cl (110)7]- oltHEi #(301-301)4 \flH 7fl°lH#(311-317)S fi-f^i 
efl^c1(110)sl 4<#*l-7fl ^ ojcf 

<72> ^-^^ <5}=$11<>| 3_ 7 ) ^7>S1 ?||X|. ^ 7 l^M. o]«J- o. A >*V « 0 >^ o] £ 2 ^ £ 6 

oil -£*m Wl-Sf ^ 3lirLt-l(140Hl ^ ^4. §^71(1000)^ 2.1- 

&|^(MMi) ^ ^-^^(PPi)* ¥^>7l(170)S aJr4^°J EMiS £f£l ^ 

tM". 

<73> Jf^ ell 3D] (140) ^ ^El^BJ]^(i30)^ ^71(250)5. afl^i PP^ 0, A, 2A, 

A, 2AJ: ^^*>7l ^l«fl 4. £ 5^ a. i^cq y|-eJ-^*V ^aHHI tcfs. J=L^ $ mx % 

(140)sl H<*l^:n. &i=k ^ 31^4(140)^7 B[l] 31 B[0]sl 2«lH 

si- B[1]S1 o|7j &o] B [R1# <g^JL, ^g-^- ^ ^S(SEL_PP[l:0]), Jf£-# 

^Jl(EN_PP) ^ tiV^i S^l ^]JL(NEG_PP)1- #^*14. £ 5°fl ^-i efliacK 140)3. 

<y^Sl^ 3 7flsl °m B[l], B[0] £ B[R]-g- H^^Jl ^^.M- £ g #31-* 

<74> PPll" ^*}7l $l*fl, SflSD)(140)^- 4 7M 
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2A, A, A, 2A & *>M-1- ^tb ^ *JJi(SEL_PP[l:0] )« H^^H (130)5. 

#^*lcf- £ 6^ (140)3 ^313 <?1 ^ <^1» 5.<^JI £ 6*11 51 ^ ^ ofl 

(140)7]- <=QtH ^11: (321-323) ^ \H= TlH HI- (33 1-340)5. ^3*4, 
31^(140)3 S)5 ^ 
<75> cfA] £ 21- ^a^^, ^E^BflA-](i30)ir 3]^^ A3 & ^ ^1JL(SEL_PP[1:0])-I- ^Orl^l^, 
AND 7lMH(150)5 #^*iq-. AND 7lMH(150)Tr ^ l-^H (240)5. -»fBl $] oja^zf j=l 
^ 2flsc] ( 140)5-f El 3 olcHiol^- Aljr(EN_PP)l- y>o>i-o]4. AND 7lM;E(150)^r 

-§-(PPl)3 ^€ ¥^t7l(170)5 #^*V4. ^-g- ^]JL(EN_PP)7 r 0°^ ttfl AND 

?lMB(150)^r 0^1 PP^ ¥^1(250)5 Jf-g-^- tilx} a] Ji(NEG_PP)^ #7}*V7] 

(160)5 ^ ^1:£(NEG_PP)3 13 Afl^o. « «. §(pPl) ^. ^Aj-^dYo) 

5 °J^^>7l 3*H*1 2A A f ^^>7l 3tt Y^CPPiHl tfltr wjH ^-^o] 

<76> «.«.^.( PPl ) ^ 5.-^^(^)3 ^^HH, iia o v <£)t= Al^( CW )^ tiV7>^>7l( 160)5^- B\ ±r*}7] 
(170)5 ¥^:7l(170)^ ^-g-^tPPi), S^ei^d^!) ^ 5.^ 3^ ^Jl(CW)«- 

efli M1B^H(171)5 ^tH}. ^^efli uilB^la(171)^ CSA(Carry Save Adder) ^ 
CPA(Carry Propagate AdderHH A>-g-^cf. <gx\ ^ *r £ 13 ¥^7^ CPA* ^(-g-^H 3. 
4 ^^(propagation delay) °-5 °!*fl ^ ^£7} i=^cf. CSA3 A}-g-£- *]<£-g- #^a] 

<77> M. ^-^oj yj-aVAl^ AjAj^^A-]^ CSA ^ CPA# £^*r°} 31^ ^5L# #7}a|71zl, ±£ 

1- ^]?J4. £ ^3 ^*HHH CPA^ n}*13 al^H ^f-§-s]Ji, CSA^r yl^oflAi 
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^•-§-€4. £ 7 ^ £ 11^- *CSA 4 CPA* ^ t^^ ^- 7>*1 ^aHI* ^.c^^ji oicj- 

<78> u^o} 4^ *r ^A]oflofl inj-s 3pAV7l(170a)7V £ 7ofl J=A]sq«H oicf. ir^>7l(170a)fe 3 
IS <S^=1 n+2 7fl^ 5-2 ^SelHfs ^sM, ^£efl^fA ^(full) ^ = efl^t(1t 
202)3}- (reduced) ^£e11^t(1t 203)5- M-^^^l^-. «^7H, n ^ 5.1- 

^ & u)b ^o]oit|.. ^17] ( 170a) ^ ^-(S)4 5flii](C)* ^ 31*1^(S_REG, 173 ^ 
-7fle] efl^l^(C_REG, 172)^1 A^A. 31*1^1(173) ^ ?ti3 31*1^ (172) # 

^1:^: ?fle] ^ 7>^7l(174)ofl <a^^cf. 7fl5] ^s)- 7 r #7l ( 174) E^^H ^(redundant 
number)!- ^(normal number )S €3r*Kn, BlH^^l (175H] ^^tb^r. 

<79> o] ^7l(170a)S.^ <Q*l CW[l:0], S.-^^ &(MMi) ^ 

£-§-(PPl)°14. 2 7fl5l ^^i ^^efl^s-(201, 202)£r S-t-a^CMMitliO]) * 

^^■(PPl[l:0])4 ^ iLA> ^ = (CW[l:0])» °J^^4. 4^*1 ^H3H#(203, 
204, 205 ^E^# S.^^ 4*1*1 «lBlr(MMi [n+1 :-2] ) ^ ^f^§(PPi [n+l:2] )# A>-g- 

4^ ^7>A>7l7> ^ ^ = ^^014. 

<80> 3 = ^*1(201) ^ ^ = e1H(203)3l ^ <^7} £ 8 D ^ i 91 ^ S^ls)<^ 5>J4. 

^5L3H^ «7fl SKI) £ 4€- <a«* °l-g-*M 4# St(I+l)^r ^71 ^«fl 
£ 8£- a>^tb ^*HH 4€- ^ ^H3H(201)# iL^JL &4. $r*i ^SJfl 

A i(201)^ 4^ <a3** 5Hr4. °1 ^HHH, ^ ^3H(201)^r 4^ 7fl o^ og^s. 
^, 1 «1B ^gr ^£2M^o] 40. 7fle1 B|E^H E i cgo^ ^ 7fle) $|,= yj 
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i), 2 «1H ^ ^eiHs-^o} tf^- ^- $|i= wlHS-^-Ei <go]^i ^- ulH(Si), iL^> 
^.EL(CW), -^-^(PPi) ^ ^^1- a^e^(MMi). ^ '^fl 7fle) ^;el «1 

Htt 9m ^ "I"!- 7};^, u^x] jlx} tijB 3 = iSlMfe cf-g- 711^1 <iqj= w] m &((Wk+l] )* 
#^tbcf. k^r "k"#*il ^EslWt 44\H4. 4-8- $|2= ti]B ^(Ci + i[k+l])^ ?flsl sfl 
*1 ^1(172)3. TUB! 31*l^BKl72)^r 31*1) 7flel ^1 — H]m&(Ci)-£ k«d^fl ^H^i 

S ta v $1 = «lH^(Si[k])-£- k+2 ^£eflAis^2] t^g- ^ ^3= 

alB^(Si + itk+2])ol ^ 31*1^(173)3. ^s}^ ?H 2l*lH ^fl^tf. ^ 
alH k, C I+1 [k] ^ Sin[k]°fl W 4^- 7lM £) — «1B ^ tf-g- ^ $1 = «lB ^ ^S}7l ^ 
n ^H3H(20lHl SJSJH A>-g-^cf. oleitb z]-z|- 7flsl ^ ^- 31*1^^(172, 

173)*- #4^4. w>£f 7flsl * ^- e^l^Eil-Cm, 173) 4^ ^ *1 

H ^iell^tS <a^l-§r 4^- ?flE) $|H tilH(Ci +1 [k]) ^ cf^- t flS. 

tilS(S m [k])^ ^*H^ 42f ^"4. 

<8i> 4 ] (2C H1 [k]+2C01[k]+2C02[k]+Si + i[k]) 

<82> = (Ci[k]+Si[k])+PPi[k]+MM I [k]+CW[k]+CIl[k]+CI2[k] 
<83> k> i o]^, GW[k]^ °^£l*l &tt4. 

< 84 > m. ^vtgcq ^Ai^oflAi, ^Hefl^(201)^ 3 7fla] ^y^l*^ i^tf. ^1 1 HAD:?) 

(211)^ C I; Si ^ CW» °J 3 ^> Jl , 1 ^7>^>7l 7flsKFC01) ^ *ll 1 #7}*Y7] ^-(FSOD* # 
1 ^7Vav 7 i 7fle](FC01)^ *fl 1 #3 7flEl(C01)S^ ^ «1J= ^ 

Hefl^(k+l)Sl «a^(CIl[k+l])ol ^cf. 2 ^7>^7l(212)^ all 1 ^7>a>7] ^-(FSOl), ^-^ 
M alB^CPP^k]) ^ ^Ell- tilB^(MMi[k])^r ^s-ol ji, ^ ' 2 #7KV7l 7flel 
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■ 

(FC02) ^ *ll 2 #7R>7l ^-(F"S02)4 #^tb^f. *fl 2 7fl^(F0C2)^ *ll 1 #^ 7flel 

(002)3*1 t^^^H cf^- a]H ^£e1|Ai(k+l)s] «g ^ (CI2[k+l] H *ll 3 #7R> 

71(213)^ *fl 2 #7R>7l ^(FS02)4 WIS ^H.SH^(k-l)S.^-El^ CI1 ^ CI2* ^ ^ 

*H 3 ^7>^V7l 7flel(FC03) * ^ 3 *l7RV7l ^-(FS03)* #^tb^. *1 3 317RV71 7flel 
(FC03)tt 7flel 3^ u l — iKCi+i)o.S.Al #^sH*i ^ wis $ = SlH(k-l)S 
^ 7flel CiS. *>-8-€i=k *H 3 ^7>^7l ^(FS03)£- 2 alH ^ ^lefl^( k - 2 )s ^ Si 
3. tf. H]B O^fl cfl-g-*}^ *q l 33.^(201)^ 711 e] 2L^r ^ #^ 

*}*1 SHr*}. 4^ *)1 3 1 ^7>>y-7ll- ^j2.3.<5>*1 ^c}. a}^, alH 

H £fl-§-*l-Tr *fl 2 ^ H31 ^ (202)^ cf^- ^ = «1H# #^}*1 2£^r4. 

<85> ^.a o V ^]H.(CW[l:0])^ 2 WlH# 7 1-^-1 JEL JiL WlH<Hl cfl^ 2 7^2] ^H3Hl:°l ^CL*}^. 

2 7fl^ ^ = 3H1-(201, 202)£- <y % ^ ^Hefl^l-olrf. m. ^ 

*HHH ^*3H«(201, 202)£- 5 7H &«^r ^^^cf. ^ «1H ^£3)l^t[2:n+2]-g- 
^H3H-t-(201, 202)^1 «l«fl ^ °J ^ ^ ^ = efl *\ # o] rf . £ gofl £ 

*1€ ^Hell^l-^ 2fl 1 ^7>^V7l7> ^7^715. tflSfl^Ch ^€ 

tiV7R>7l(211)^ ^Bl(Ci)^ "^(Si)-i- ^1 1 ^7}^7) 7flSl(HC0D ^ *fl 1 <£7> 

#71 ^-(HSOD* l^t^. *H 1 ^>7>^7l 7flel(HC01)^ *fl 1 #^ 7flal(C01)5L*l , cf^- 
HlB 3 = 3H(k+l)Sl ^1 l <gs((CIl[k+l] )£..§. ^l^tf. 
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*fl 2 37RM(212)fe *l] 1 ^7}-$ 7) tKHSOl), ^B3H<i] alnsf ^t^tt 

(PPitk]) ^ at-eji . «lB^(MMi[k])-i- ^"HrCf. afl 2 #7}*Y7} (212)*r 2 ^7> 

#71 7flsl(FC02) * ^12 ^7Hb7l ^-(FS02)* *fl 2 ^7>^;7l ^-(FS02)£r *fl 2 #3 

711 5] (002)3.^, ^ wlB ^Hefl^1(k+1)^ ^ 2 (CI2[k+l] 3 # 

7^71(213)^ A 3 ^7>-t>7l 7fls)(FC03) ^^13 *l7R> 7 ] ^-(FS03)* 3 #7> 

-^71 7fl^(FC03)^ cf^- 7flsl = wlB(Ci+i)5- A i. ^fl^ 31*1^1(172)1- ^ ^ «1 

J= ^HE^i(k-l)2] ^^(Ci)AS. afl^-^. ^ 3 ^7>-t>7l ^(FS03)£r cf^- ^ $1 = 

tilB(Si+i)S^, ^ efl^^(173)« #^s>^ ^ «1B ^ ^ = 5^1(k-2)^ ^^(S^^-S. 
^1^-^^. £ 10£r 5L 9*11 w>sq- ^B3H-i^g- 5.^-*}^ ^71(1713)* 

#4*1 J±*l^Ji 

<86> ^Al^ofl 14= £ ioo]] t=Al5j -Ay 7l(170a) ^ ^ ^HellA-^s.^ ^41^ ^SelPi 

#01 3^3. ^^^j7 i ^2e Mf o] ^ ^s. S.t-&|^ ^r(MMi) ^ &(PPi)2l u)H 

H7H u^e]- ^^^cf. ^*K1 2 tilB ^Sel^fA j^v ^c (cw) s. oi^o. s ^ a}-^}^ 

^Hefl^l;olcf. ^«J*fl a] e ^BelH^Ol)^ 7fls]lr(C01[0] , C02[0])* . 7fl 

2H-(C01[0], C02[0])^ ^ fe^r'wlB(^«i^ wlH) ^3^(202)^ <^(CI1[1], 

CI2[1]H °1 Si % ^EL±= ^H5flAi( n +2)^l Tfl^ji, 7># ^ «1B 

-Mfe 7fle1 #^l-(C01[n+2], C02[n+2])^r #^^1 &tt^. 7># ^ «lB ^S^lfe 

y o v ^l^ ( 7H V ^ y lH ^HeM2l cf^- 7fl^ ^jel HlB ^ tf-g- ^- ulB & 

<87> z}- ^BeflAi#^ 40 o,c tilB^i: £ 4# ^ 3 = «lH3Jb8: zj-zj- ^ ^ e^l^ 

1-C172, 173)^1 P^nv ^ eflx}^EKl73) ^<H1 7-]^ efl^l 
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^1(172 HI *\ cf^ ^Efls. ^sjt}. ^ cf^ <%b. ^^(S N [n:0])# 

ig efl^]^E^(i72)^ 7fle| 5fl^^E-Kl73)^l 7fls^ ^ 7R>7l(174) 

D)«fl^luL, $| = ^^-(S N [n:0])^ 3# 3l*]^(175)°fl ^^cf. ^sfl a]^ 

E ^ CPA 2.— tfl^Hl £ ^HH O)-^ Al^Efl^ E yd] ^AjSj W>S>|- ^-o] ; CSA S.E. 

» ^-8-^. CSA 7\*Y7}9\- &&9X±r 3 7fl^ ^iiL#-§- #Hfl 

<88> ^ES, ^fil a>^-2]*> i^HH tq-^. B 7<M, «1B 371 n4 -^^HMl ^Befl 

Cf. 4^ £ ^^^>7ll ^Al^ ^ ^Cf. , 

^efl^ 1024 alB -§-^71^ 1024 x)<£(#7}#7] ^3.)^ ^ ¥#71* B^-SS^M", £ ^ 

°1 ^HH, ^-gr ^sfl^ «1«B 300«fl ffll-scf. 

<89> « s ^o| Aj A ]ojl^ -A^jo^ CSA ^ CPA *H-I- ^o|^^- ^ 01^ cf^tl 2^#* B 

^tf. £ lHr £ 4^ 1^1 ^ ¥^>7l(170b)» B<^J1 014. -a> 7 ] 

(170b)^ ^5. el) A^i- 54 H"}^ CPA ^ CSA 2-= A}olf i^^KrHl A}-g-s]fe 

^ ^ § bji ^ # (MXG n+ r MXG 0 ) -i" tM3*IM 7flE) 7K+71 (174)*f 

H ^(redundant number)!- ^(normal number) 5. ^^r^l 5. 10 ^^7] 

(170b)fe CSA B^ CPA 2.£>IM a^em^ o]u] ±rg ^ %T%o]t\., -7fl^ 

^sf- 7>^>7l(174)l- -2-^3^ sf-B^-lH 3717]- #±&t±. 

oo> ^ # Bjj ^ 1: ( MXG n + 1 ~MXG 0 ) ^ tfl^ Aj 7 >^7l* ^o)^ # 7] q ^H^- ^ 01 

cf. S. lloflA^ alB ^ Bell ^#(301, 302)^, ^ wlB ^Bell^(301)^ ^^a^ a> 

66-19 



1020040002393 ... 2004/1/28 

-g-^fe ^ nz\ «lB«f(Ci[k-l])-8r ^71 t}-g- ^ «lH#(C I+ i[k])°l ^ 

efl^l^Ei(i72)S &tt4^t ^ 3S3H*(201, 202)^ z)-zj- -B-A}*}7fl 

Ci n [k]^ cf-g- «1H ^^efl^(k+l)» ^ «1H 3 = ^3 

«H n#(4oo- 2 )^.s. °g^^^f. 

51 liofl 5LA]s} ^E^^BljA-] ZLf-(400)^l SL 10*11 Sl^m ¥^71 (170b HI #*fl S1S.SL 

°14. 31^ SL^(CSA A>-g- SLJEl CPA A>-g- S.^)^ AiJ:(SW)ofl ^ 

aZ^-. l^^l ^JaH<M. k«i*H wlEo) ^Bl#«]Al(400)^ 5L 9^1 ^HeflAi(203) 
^ ^1 2 71-^71(212)^ 3 7RV7K213) *}°)°\) , ^1 1 ^El^^ (410)5. 

SS^fe 1 °^(401)£r 7}^7] (212)3.^51 FS02<>ltl-. *j| 1 #B3j (410) o) 2 <£ 
^(402)^ k-l#*(| «1B ^Hell^S.^-E-1^ ^ 7fl ^3 ylH^r(Ci[k-l])olcf. ^ 7flsl 
^1= «1H^ k-l«i^ wis ^HeiHofl <^*l tf-g- 7flel ^ wlB^ C m [k-1] °-5^Ei ^-«fl 
^14. *f| 2 ^h1#bJ]a-1(411)^ ^ 7}^1 ^-i-^- 013^^^ ^(403)^ k-l«]*l] HlB ^ell 

^ ! ^3 7flEl^l:(C01[k-l])olJi, 4^ ^14(404)^ k«l^fl u]B ^ S.^- 3 21 
^7fl f% ^je. ti]H^:(Si[k])olr4. ^^fl ^- s$b. wlH^ t}-g- ^- ^je. wlH^(Si + i[k])°l tJ- 
31*1^(173)1- ^S} 1 ^ ^fl^tf. *fl 3 ^El^sji^ (4i2)Sl ^ 0133^.(405, 4 06)£r AA 
k-1 w]h ^lell^l^sl A] 2 #^ ?flel^:(C02[k-l]) ^ k-1 «lH ^^IH^-eI s>l 4^ 

^Jl(SW)^ ^ ^El#BJiA^(4io, 411, 412)^1 ^ 3J-§: 3 ^7R>7l 

(213)isL ^°J*l-& &°1 ^EH-e3jA^(4io, 411, 412)^: -f-^l-^uHl 
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nJ-BW ^ 7\^r 7fle| 4$- 7}*YS>) ^ 3.IL7} ^^t}. i^^J ^l^(SW)^ & 

°1 Ool^, ^£Efl^fA ^o]tL 7>AV S..E15. -£-*Hgc}. °V<H ^$)% -tl^(SW)^ 

1°1^, ^^efl^i-^ o}efl ^7>^7l#^ ^^^31, 7flE) 34 7>AV 5LJEL5L 

cf. ^7)-^7l(213)^ cf^- ^fl ^jel HlB#3} ^ h|B ^ ^^3. 
#a *}t}-. 

<93> 7flsl ^ ^ ^^.-ir-g; N«i 31^4. N^r n^l trfl ( n +2)/2<>l JL , n^l *^ 

(n+l)/2°14. ^7fl tiV4 A>o]^ollA^| 7fl 31 31 ^ *W#^ ^ ^ 

ci^^lul ^ 511*1^1(172) ^ 511^1^(173)^1 ^ d sfl ^1 n} . ^4(S N 
[n:0])^f i^R 1 ^l-fcCSW)^ ^^^1 n}eH 511*1^1- (172, 173)<^1 ^ ^ ^ ^-§: 

<94>CPA 7>A>7l (174)4 E11^1^B-1(175)» C-ltt 33^4 ^HH-BJlAi ZL#^(400)^) 37l7> nfl-f ^1 
"fl^l £ 10°fl ^AHl^ ^^1H 3711- ^d^^t}. 

<95> t= 14^ tf-E <a*l°1N 4= ^^71(2000)1- ioi^Ji 9X^-. S. 14*11 £Al^ 

^■^71(2000)^, £ 2*11 £1*1^ ^-^71(1000)^ ^E] £a| *1 (130)* ^1 7fl4 ^e!^hJ{a-1 

#(131, 132, 133)3. «S}$|c}. 5E*K H El f- *J\ *\ 7} ^%o\) tt}£}, s. 2°ll Jf^ sfl 

Scl (140)7} ^El #^#(131, 132, 133)5. *H^€ ^1^-1-(SFT_PP, NEG.PP)* ^3}7l ^tlr 
^ eflSDl(190)S. «€4. 

<96> £ 15^r S. 14^1 £Alsl Jf^ eflsci (190)2) ^ ^-g- J±<^J1 S±JL, 5. 16£- £ 15 

21 r^ofi 1X(-S}A1 511^01(190)1- ^^t} 3^-4 ^Al^f Jicx^t}. «a efl^Dl 

(190)^ o]BlEi #(401-403)4 \fl= 7llolH-i-(411-419)# i^*Vc}. 
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< 97 > E 17^ ^ 2.1-el <£XY^ cf^i s.^ei ^ej^ ^ ^ 

o} u}^-^*}; ^Ajajloil 4^- #^711- ji^^Jl SX^. 5. 2°\] £A]^ §-^71(1000) £ 14°fl 

£A]^ (2000) SfEi ^ &&°.l4 £ 17^1 SAjHl §^7l 

(3000)^ ^<H^1 Al Jl(SEL_FLDH1 ^ S-l-a] ^^54 cf^-^i fit-el ^eh 

3<LS ^ 5W. ©1 ^HHH, ^7K3000)*r ^ ^1J1(SEL_FLD)7]- 'O 1 ^ nfl ^ 

*8th=K ^-^71(3000)^1 ^ £ 2^1 #^71(1000)21 ^ 

71(1000)^1^ £ 2^1 #^71(1000)^ &<£*W\ ^ #2: ^iJll- ^ 

71 

<98> -g-JiDilel 5.^ ^JIBll^^. nfl ^-^ S(x)i +1 : = 

(S(x)j + biA(x) + qiM(x))olcf. J£x$i£ ^ o^a]-^ v}^ 7 }x)3_ y (sGOj + biA(x) 

+ qiM(x))^] 2^WH 2W1B71- "00"o] slsi^- ^sHo) =L^JL, bi EE {0, 1, 2, 3}°1 

-H b T A e {0, A, 2A, 3AHt}. ^Al^oflA^ 3A# ^}7] ^*1H 2A+A1- 

^^t}. :^fi5. ( bjA <= {0, A, 2A, 2A+AHnK 

<99> efl^l^Ei(l01)ofl 7>-l^ ^ *U a>o1^p]-c1- 2«lH^ -f^^-S. ^ B 

Sl ^*H1 2t>lm bl ^ bO^r £-*fl& ^7l(530)S ^^^cf. ^1^71(530)^ ^ B^l 

£\t>}3] 2tilB bl ^ b0# ^^^-Jl, PP![n+l:0]7> 0, A SE^r 2A7> ZLe} JL AI[2+l:0]°l 

0 5E^r A7> ^lJll-(SEL_Al[l:0] > SEL_A2, SEL_A3)* #^tb^. £ 18^ biA» ^}7l 

fltt ^3 w>^tb ^*HH 4^ ^sH^t ^^71(530)^1 ^^-i: oicf. 
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<ioo> PP![n+l:0]-g- #^*}7} ^1^71(530)^ 3 7}*1 0, A ^ 2A ^ s->M-» 

^bm*>71 a]^(SEL_A1[1:0])1- ^1-^(520)5 *] (520)^ 

Sl-ei J2.JE.<|J nfl(^, SEL_FLD7> *fl) ^ ^ Jl(SEL_A1[1:0] )» ^&)#*JH 

(130)5. ^^#?fl^(i30)^ ^1- ^ ^hm Ais(SEL_Al[l:0])l- 

oliL, AND 7l]olH(150)^ ^&l^^^(550)^ S.JEL ^]S(SEL_FLD)7> '1'^ 

°fl ^7] (530)5-^^ ^ ^S(SEL_A2)1- AND ?1M 5.(150)5 #^«Vcf. AND ?)M 

H(150)^ l|El#*H (130)5.-^ ^ 0^3). He] #^(550)5^ 2] aIem a1Ji(SEL_A2)«- «> 
oVI-oIji, 1 ^-5fl^:(pp I [n+l:0])# ¥^-71(580)5 

<101> Ajtn+liO]!: ^i^^}7l 5]^, ^71(530)^ 0 A f *>M-» 4i^>7l ^ 

^S(SEL_A3)» i£B]#aH (540)5 t^W. ^B) #^^1 (540)^ 0, sj-g^ A^ & ^ 
^ ^1S(SEL_A3)1- ti>of^olji, ^ 2 ^-^^(Ajtn+l:©])* ^#^(540)^ 
#^ # ^*>^ 2«lm(A I [l:0])fe ^B]#BJ]Ai(560)^ 7R>7l(591)5 ^^s)Jl, *4*1*1 «lB(Ai 
[n+l:2])^ ¥^-71(580)5 

<102> ^Bl#EJ]Ai(560)ir 4%VAl nfl (540)5-^ <>] ^ 

^ 2«lH(A I [l:0])-& CW[l:0]A5A-1 ^1-^-1(560)^ #^ (CW[1 :0] )^8r ¥#7l 

(580)5 <^=}tf. 

<103> 7^71(591)^ *ll 1 ^M(PPi[n+l:0])5l ^s>^ 2«lH(PPi[l:0])^ *fl 2 ^-Sfl^CAi 

[n+l:0])s] 2«lH(A![l:0])S c^aL, ^4* 7RV7l(592)5 #3th*. (PPi[l:0]+Ai 

[1:0])^ biA(x)[l:0]<>lcf. 
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<i04> 7>^-7l(592)^ 7HV71 (591)31 '#^4 31*1 ^(583 H 7^>^ 2 *lH(Si 

[1:0])* Dl^Jl, ^^(SSPPrCliO]) 1- .£-1-^ ^71(570)5 #^*Vnf. 

<ios> 5-1- ^d^7](570)^ (S(x)j + bjA(x) + qiM(x))^ ^*>^ 2«lB7> 'OO'^l ^ ^ o|5- 

^ a^£i^(MMi[n+l:0])# ^^*>cf. -g-Jl^l^ ^-Jiel^l ^ ; a^HH «1 j= (MMj 

[0])^ 1°14. ^n^., (S(x)! + biA(x))^- M[l]S^-Ei qi 7> ^^t}-. 

<ioe> E 19^ t^*l til-^-^fV ^Aj^oil 4^. 5-lE|^ 71(570)^1 iL<^ 

-H 

<i«7> MMi[n+l:0]# ^d^}7] 31*11, 5-l&|^ ^^7](570)^ 3 7}x] 0, M ^ 2M ^ *>M- 

♦ ^1^^7l ^ >0^(SEL_Ml[l:0])# ^E} *\ (510)5. ^^#^^(510)^ 

5.-1- a] S.= «l ufl^, SEL_FLD7> 'l'*J nfl) a}^ ^]JL(SEL_M1[1 :0] )«- ^eH-bJ] 

*U 120)5. #^*>i=f. ^^1-^^(120)^ S-l-e^ M^l ^ ^1^(SEL_M1[1 :0] )# «> 

*}1-o1ji, ^(MM^n+lrOD-g: ¥^71(580)5 #^*Vcf. 
<ios> -a> 7 )( 580) o} ^^j. 5]^. ^l^o] £ 20*11 £*1S)<>1 9Xt\. ¥^71(580)^ £ 13*11 5. 

¥^71(1705)^ ^SM], 3^5 n+2 7fl£l 5-2 ^^ifs ^^M, 

^°l^m. l^^l -^a^H n}^ ^71(580)^ 5. 13*11 ¥^>7l(170b)3l ^ A 

^1-*11 ^EH-^H zH-(620)Jf ^El#?flA-|i- ( 640( 650)^: z\ S.^^. ^eI^a^ nf- 
(620)£- ^El#BJ]Ai nl-(610)3}- 3i7RV7l(630) *}o]o\] ^lW. 
<i09> ^ 5.fei ojA]- 2.:=(SEL_FLD='0')*1H, ^eI^ejia-] ZLf-(610) A5^-Ei *] ^b) 

#eJH nf-(620)^- -S-sfl #7R>7l (630)5. °j^£li, ^7>^>7l (630)5 ^ #^sl^ 7fle]^ ^ 
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£ wlB ^BeflA^ 7fle } og^-o. s ^> 71(580)^ ^ <£^> s.je.^ £ 13 

<no> £ 21^r ^ Vt ^^ ^a^H 4^ k i£*j) h]h ^E^l-efl^ ZL =.s.( 610> 620)1: J£<X^:n. 

oicf. ^e^^bji^ zil-(610)^ £ 12X1 51a] £} ^E^^ zil-(400)^ -^^^>^1 l 
Xl 3 ^^^^^17(611, 612, 613)-8r 7}*H Xl 1 ^*1 Xl 6 ^ 60 1-606)1- «>o>^o]cf. 
£ 12 ^ 51 21X1 5*1=1 ^Elf-HH ^ff(400 , 610) <y# *IJL*J- ^ ^^*V aIJU- 

<m> ^E|#eJjA-l nf-(620)£r 2-^5-1 JSLEl-^J: (540)3.-?- 2 ^g- 

^^(Ai[n+l:2])-ir Xl 1 ^-«(PPi [n+l:2] )*!- ^\7) ^Sfl *fl^-=H4. ^ 2 ^-^^(Aj 
[n+l:2])^l 2«1B^ ^B] (560)1- CW[1:0]3*1 ^&s\o]X) -a]- 7 |(5 81 ) S oi 

<3^tK zl^jels., CW[l:0]^: ¥^>7l(580)^l slslH ^1 l 2tilB(pp I [1:0] )Q 

^\^\^. ^S^l zil-(620)^r Xl 4 ^ Xl 5 ^^^51)^^.(621, 622)1- B^t!: 1 }. Xl 4 
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